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ABSTRACT
IL-2 and TRAIL are therapeutic agents known for their antitumor role, but they can be cleared quickly 
by the body or be cytotoxic, compromising their function. To reverse this impasse, the synthesis of 
these agents by live bacteria directly in the tumor is a viable approach, due to bacteria’s preference 
to colonize tumor tissue. It happens because of the high nutrient grid in this microenvironment and 
possible escape from the immune system since solid tumors are ischemic and have regions of hypoxia. 
In this context, attenuated Salmonella represents a promising live vector for delivery of antitumor 
molecules. The present study investigated the effects of IL-2, TRAIL and mixture of proteins expressed 
by recombinant Salmonella, strain SL3261, with unique and innovative construction with IL-2 and 
TRAIL proteins, on bladder cancer cells and in mice od C57BL/6. Human bladder cancer cell line 
RT4 was exposed for 24 and 48 hours to these proteins and were analyzed with flow cytometry, ELISA, 
dyes and fluorescent antibodies. In the animal model, tumor induction was performed with MB49 
cells, followed by treatment with bacterial strains and collection of tissues and organs for analysis. The 
results demonstrated that both agents are cytotoxic to the tumor cells, as they cause a decrease in cell 
viability, modification of its proper morphology and induction of apoptosis. This effect is caused by 
the activation of the iNOS enzyme by IL-2, which leads to the production of Nitric Oxide (NO) with 
consequent activation of genes that lead to DNA degradation and by the activation of the Caspase 
family by TRAIL, causing apoptosis. In mice, there was an important regression of tumor progression 
and modulation of the immune system. Therefore, IL-2, TRAIL and MIX synthesized by recombinant 
Salmonella show promising potential in bladder cancer therapy.
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Abbreviations: IL-2: Interleukin 2; TRAIL: Tumor necrosis factor-Related Apoptosis-Inducing Ligand; 
NK: Natural Killers; YFP: Yellow Fluorescent Protein; FBS: Fetal Bovine Serum; DMSO: Dimethyl 
Sulfoxide; AAU: Arbitrary Autophagy Units; NO: Nitric Oxide; PS: Phosphatidylserine; EDTA: 
Ethylenediamine Tetraacetic Acid - Tetraacetic Ethylenediamino Acid; OD: Optical Density
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Protein (YFP)) and SL3261_TRAIL (with insertion of plasmid for 
TRAIL fused with Emerald Green Fluorescent Protein-EmGFP 
) were provided by Dr. Luciana Camillo from Laboratory of 
Inflammation and Infectious Diseases and Dr. Adilson José da Silva 
from Laboratory of Cellular Factory, both in Federal University 
of São Carlos, UFSCar, São Carlos-SP, Brazil. For the insertion 
of these genes the plasmid chosen was pAE containing the nirB 
promoter, the expression of which is induced in anaerobiosis and 
already used for this type of approach [18,19]. The cultivation and 
maintenance of strains and the expression of IL-2 and TRAIL 
proteins have been previously described in murine bladder cancer 
cells [20].

Human bladder cancer cell culture (RT4)

The non-invasive superficial human bladder cancer cell line RT4 
was used [21]. Cells were grown in culture bottles in DMEM 
F12 medium (Dulbecco's Modified Eagle's Medium: Nutrient 
Mixture F-12, Sigma-ALDRICH, USA) in the presence of 100 
µL/mL penicillin/streptomycin antibiotics (LGC Biotechnology) 
and addition of 10% heat-inactivated Fetal Bovine Serum (FBS) 
(LGC Biotechnology). The bottles were incubated in a humid 
environment at 37°C and 5% CO

2
 until reaching 90% confluence, 

under passages.

In vitro assays

The six proposed groups and the established treatment are shown 
in Table 1. All tests were performed with a period of exposure to 
treatments of 24 and 48 hours. For each assay, fresh culture of all 
bacterial strains was performed.
Table 1: Experimental groups and treatment. The RT4 cells were used. 
DMEM F12: Dulbecco's Modified Eagle's Medium: Nutrient Mixture F-12.  
LB medium: Bacterial culture medium.  The CTRL- group did not receive 
treatment. The LB group did not receive treatment, but it was added LB 
medium. The groups SL3261, IL-2, TRAIL and MIX received treatment 

with bacterial culture supernatant.

Groups
DMEM 
medium

LB 
medium

SL3261
SL3261_

IL-2
SL3261_
TRAIL

CTRL- 200 µl - - - -

LB 100 µl 100 µl - - -

SL3261 100 µl - 100 µl - -

IL-2 100 µl - - 100 µl -

TRAIL 100 µl - - - 100 µl

MIX 100 µl - - 50 µl 50 µl

Cell viability with MTT salt and neutral red dye: For cell 
viability tests, two methods were used independently. Tetrazolium 
3-(4.5-dimethyliazole-2-il) 2.5-diphenylbromide (MTT) (SIGMA-
ALDRICH, USA) was performed to evaluate the integrity of 
mitochondrial function by measuring the formation of formazan 
crystals by mitochondrial enzymes. The higher the crystals 
production, the greater the cell viability [22]. The neutral red dye 
assay is based on dye accumulation in liposome membranes. The 
more viable cells, the greater dye diffusion through the membrane 
[21]. In a 96-well plate, 1 × 104 cells/well were inoculated. After 
the adhesion and treatment period, the wells were washed twice 
with 1X PBS (phosphate saline buffer, pH 7.4) and 100 μL of MTT 
solution at 0.5 mg/mL and 100 μL dye at 30 μg/mL were added. 
The reaction occurred for 3 hours in MTT assay and for 2 hours in 

INTRODUCTION

IL-2 (Interleukin 2) and TRAIL (Tumor necrosis factor-Related 
Apoptosis-Inducing Ligand) proteins are known to have antitumor 
effects against several types of cancer [1-3]. IL-2 may lead to 
complete and permanent cancer regression in patients with 
metastatic melanoma and kidney cancer [3], because this protein is 
responsible for TCD4 lymphocytes proliferation and, consequently, 
activation of TCD8 lymphocytes, Natural Killers (NK) lymphocytes 
and dendritic cells [3,4]. TRAIL, on the other hand, shows the 
ability to induce cell death by apoptosis by interacting with its 
membrane receptors. Studies have shown that it acts specifically 
in multiple tumor cells rather than healthy cells [5,6]. However, 
TRAIL has been cleared by the kidneys very quickly, in addition to 
being able to cause liver cells death and patients who received high 
doses of IL-2 developed severe cytotoxicity [7,8].

The cancer therapy by application of genetically modified bacteria 
expressing antitumor molecules has been shown to be effective, 
as bacteria of various strains act as living vectors that synthesize 
proteins of interest directly in the tumor [9]. This specific targeting 
of bacterium, which is often inoculated at a distant location from 
tumor, occurs due to the tumor´s microenvironment that is rich 
in nutrients and protected from the immune system because of 
ischemia and hypoxia [10].

The use of live bacteria in cancer treatment was first reported 
almost 150 years ago, in a study about immunomodulation against 
this disease, in which patients in an advanced stage of cancer 
could be recovered [11]. With the help of genomic sequencing 
and genetic engineering, bacterial strains that act as vectors and 
have the ability to control cancer, have been sought [12,13]. The 
bacteria of Salmonella genus showed its preferential replication in 
solid tumors and its ability to transport and express genes coding 
for therapeutic molecules [10]. 

Bladder cancer is among the most prevalent cancers worldwide, 
with 549,393 new cases reported in 2018 [14]. Non-muscle-invasive, 
muscle-invasive and metastatic are different forms of the disease, 
each one with different molecular conductors [15]. It is the 9th most 
common type of cancer and is more prevalent in men, with high 
recurrence, which is an important health problem [16,17].

The current cancer treatments use radio and chemotherapy, 
however these approaches do not result in the necessary 
effectiveness, since metastases are still recurrent and are the main 
cause of death resulting from this disease. The low selectivity of 
this type of treatment for tumor cells reduces the benefit of these 
therapies because the mechanism involved in this process cannot 
provide limited cytotoxicity to tumor tissue, resulting in devastating 
side effects as healthy cells are equally exposed. Thus, a proposal for 
selective cancer therapy should overcome these obstacles and the 
inhibition of metastasis appears as the main target for new therapies 
[13]. Therefore, this study aimed to evaluate the antitumor effect of 
the therapeutic agents IL-2 and TRAIL expressed by recombinant 
Salmonella against bladder tumor in vitro.

MATERIALS AND METHODS

Recombinant lineages of S. typhimurium

Three recombinant strains of S. typhimurium, SL3261 (with the 
plasmid insertion but without the genes), SL3261_IL-2 (with 
insertion of plasmid for IL_2 and fused with Yellow Fluorescent 
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background and 50 μL of the reagent solution (Z-DEVD-AMC in 
reaction buffer) was added. The reaction occurred for 30 minutes 
at room temperature. Fluorescence emission was read at 342-441 
nm in Spectra MAX i3TM (Molecular Devices) equipment.

Apoptosis with Annexin V marker: Cell death by apoptosis 
was also analyzed using the Annexin V marker (BD Biosciences 
detection kit) with fluorescent markers PE and 7AAD. In apoptotic 
cells, the phospholipid membrane Phosphatidylserine (PS) is 
translocated from the inner to the outer leaflet of the plasma 
membrane, exposing the PS to the external cellular environment. 
Annexin V is a binding protein with high affinity for PS and binds 
to cells with exposed PS. In a 24-well plate, 1 × 105 cells/well were 
inoculated. After the adhesion and treatment period, the plates 
were centrifuged, washed with PBS 1X and the antibodies Annexin 
V PE and 7AAD [1:1] were added. The reaction occurred for 15 
minutes at room temperature protected from light. Then, the cells 
were removed with a scraper and resuspended in microtubes with 
300 μL of binding buffer (1:10). The reading was performed in 
Flow Cytometer Accuri™ C6 BD Biosciences, selecting gates with 
10,000 events. The analysis was performed using FlowJo™ version 
XV (BD Biosciences). Live cells and double labeled controls were 
performed, along with two death controls (10 minutes in a dry bath 
at 80°C) for equipment calibration: One marked only with PE and 
other marked only with 7AAD.

Il-6, IL-8 and TNF cytokine dosage: For dosage of IL-6, IL-8 
and TNF cytokines in cell culture supernatant, direct ELISA 
(OptEIATM, BDBiosciences kit) was performed. Between each 
protocol step described below, the plates were washed with 300 
μL/well of washing solution (PBS 1X+Tween 20 to 0.05%) and 
incubated at room temperature. The assay occurred in 96-well high-
affinity microtiter plates. After sensitizing the plates with 100 μL/
well of specific capture antibody in carbonate buffer 1:10000 (7.13 
g of NaHCO

3
 and 1.59 g of Na

2
CO

3
:1 L of distilled water) there 

was incubation for 16 hours at 20°C. Then, the blocking reaction 
was performed with 200 µL/well with 10% milk (0% fat), followed 
by incubation for 1 hour. After, 50 µL of the samples and standards 
for cytokine titration curve were added with 2-hour incubation. 
The capture antibody conjugated to peroxidase enzyme was added 
at 100 µL/well protected from light for 1 hour and 30 minutes. 
Then, 100 μL/well of TMB substrate was added and the plates 
were incubated, still protected from light, for approximately 15 
to 30 minutes. The reaction was blocked with 50 μL/well of 2 M 
sulfuric acid, and the plates were read at a wavelength of 450 nm, 
using a plate spectrophotometer (Thermo Scientific™ Multiskan™ 
GO Microplate Spectrophotometer). The concentrations were 
calculated based on cytokines titration curves patterns and 
expressed in pg/mL.

Cell recovery via colony formation: The recovery capacity of RT4 
cells after the proposed treatment was evaluated by the cells ability 
to recover through the formation of colonies via clonogenic assay 
[26]. In a 24-well plate, 2 × 103 cells/well were inoculated. After the 
adhesion and treatment period, supernatant was discarded, and 
a new culture medium was added. After 7 days of recovery, and 
change of medium twice, the cells were fixed with methyl alcohol 
P.A. (absolute methanol) and stained with 0.1% crystal violet. The 
wells were photographed and colonies were counted using ImageJ 
software version 1.53ª [27]. The wells absorbance reading was 
also performed with colony dilution in 1% SDS (sodium dodecyl 
sulfate), at 540 nm in spectrophotometer (Thermo Scientific™ 
Multiskan™ GO Microplate Spectrophotometer).

neutral red dye assay at 37°C and 5% of CO
2
. Blank controls were 

made containing only MTT and red dye solution in addition to 
cell death control (C+) with 5% extran enzymatic detergent (only 
for MTT). Then, the reagent solutions were removed and 100 µL 
of Dimethyl Sulfoxide (DMSO) diluent for MTT and 200 µL of 1% 
Acetic Acid and 50% Ethanol (1:1) diluent were added per well, 
followed by reading the absorbance at 570 nm (MTT) and 540 nm 
(red dye) in spectrophotometer (Thermo Scientific™ Multiskan™ 
GO Microplate Spectrophotometer). The percentage of cytotoxicity 
was shown by comparing the data obtained with C-group according 
to equation 1.

Experimental group%Cell Viability= (Equation 1)
Average of C-group

Cell death by autophagy: The index of Arbitrary Autophagy Units 
(AAU) indirectly measures autophagic cell death by calculating the 
correlation between the proportion of autophagic vacuoles stained 
in the neutral red dye assay and the cell survival rate obtained by 
the average of the values from MTT assay according to equation 2.

Individual values of neutral red dyeAAU= (Equation 2)
Average values MTT

There is a greater incorporation and retention of red dye in late 
autophagic vacuoles which leads to an overestimated value of cell 
viability in red dye assay, so it must be normalized by the mean of 
cellular viability obtained in MTT. The positive correlation with 
cell death by autophagy is described when the AAU is more than 
1. Thus, the data obtained in MTT and neutral red dye assays in 
different groups and periods were used to calculate the AAU [23].

Cellular morphology by optical microscopy: Cell morphology of 
RT4 strain after exposure to treatments was observed by optical 
microscopy. In a 96-well plate, 1 × 104 cells/well were inoculated. 
After the period of adhesion and treatment, the wells were observed 
under an optical microscope Axiovert 40 CFL (Zeiss), with 10X 
objective lens, whose images were captured with camera coupled 
model LOD-3000 (Bio Focus) and analyzed by Future WinJoeTM 
2.0 version software in final resolution of 100 X.

Nitric Oxide (NO) production by griess reaction: The indirect 
production of NO from nitrite ion (NO

2
-) was performed by 

Griess reaction [24,25]. In a 96-well plate, 1 × 104 cells/well were 
inoculated. After the period of adhesion and treatment, 50 μL of 
the supernatant was collected and added to a new plate followed by 
the addition of 50 μL of Griess solution (mixture 1:1 of solution 
A [sulfanilamide 1% in phosphoric acid 5%] and solution B [0.1% 
N-(1-Naphthyl) ethylenediamine dihydrochloride]) for 15 minutes 
at room temperature. The absorbance reading was performed at 
554 nm in spectrophotometer (Thermo Scientific™ Multiskan™ 
GO Microplate Spectrophotometer). The nitrite concentration in 
supernatant was quantified using a standard curve with known 
concentrations of nitrite in mM as described in the kit.

Caspase 3 levels dosage: For the detection of apoptosis via increased 
activity of Caspase-3 enzyme, the Kit EnzChek® Caspase-3 Assay 
Kit #1 was used. It continuously monitors the activity of Caspase-3 
and closely related proteases in cell extracts by substrate derived 
from 7-amino-4-methylcoumarin (Z-DEVD-AMC) which produces 
a bright blue fluorescent product after proteolytic cleavage. In a 
24-well plate, 1 × 105 cells/well were inoculated. After the adhesion 
and treatment period, the plate was centrifuged and washed with 1X 
PBS and the cells were removed from the wells with a scraper. The 
cell extract was lysed by a lysis buffer for 30 minutes at -20°C and 
centrifuged at 5000 g for 5 minutes. Then, 50 μL of the supernatant 
was added in a new 96-well black microplate with transparent 
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X. The plasma of the animals was obtained after centrifugation of 
the whole blood, at a speed of 1500 g, for a period of 15 minutes. 
Subsequently, the plasma was stored at a temperature of -20°C to 
perform cytokine dosage.

Plating of spleen, liver and tumor cultures for CFU count-
Biodistribution: The spleens, livers and tumors of the animals 
were macerated with 1.0 ml of 0.9 % NaCl saline solution. Then, 
serial dilution of the samples was performed with saline solution 
(up to 1:10 or 1:100) and aliquots of 100 l of them were plated in 
AGAR LB. The plates were incubated at 37°C for 48 hours for later 
counting of colony-forming units.

Bladder weight analysis: The bladders were removed and weighed 
on a precision analytical scale and photographed.

Quantification of IL-12, TNF-α and IFN-γ: For the measurement 
of cytokines IL-12, TNF and IFN-γ the plasma of the animals 
was used individually by the direct ELISA assay (Kit OptEIATM, 
BDBiosciences) following the protocol described in item 2.3.7, 
being used carbonate buffer for IFN-γ and phosphate for TNF 
and IL-12 all with dilutions of detection antibodies, capture and 
enzyme in the ratio of 1:250.

Statistical analysis

The data obtained were analyzed using GraphPad Prism 7.0 (San 
Diego, California, USA). The entire study was conducted in at least 
three biological replicates and three independent experiments. 
Discrepant data were identified using Grubbs analysis, followed by 
the Shapiro-Wilk test to verify the parametric or non-parametric 
data characteristic. For that, the ANOVA test (analysis of variance) 
was applied to the parametric data and the post-test of Tukey's 
multiple comparisons (results were presented in mean and 
standard deviation). For nonparametric data, the Kruskal-Wallis 
test and Dunn's multiple comparison post-test were used (results 
were presented as the median with the upper and lower quartiles: 
Me [Q1; Q3]). Statistical significance was established at p<0.05.

RESULTS

Figure 1 represents cell viability in % obtained with MTT assay 
(A, B), neutral red dye (C, D) and the Arbitrary Autophagic Units 
(D, E) for 24 and 48 hours of exposure to treatments. Cell viability 
decreases significantly in IL-2, TRAIL and MIX groups, both in 
MTT and neutral red dye assays, when compared to the CTRL- 
group in 24 and 48 hours, being higher in 48 hours of exposure. 
In 24 hours, there was autophagy only in the IL-2 group and in 48 
hours autophagy is positive in the groups SL3261, IL-2, TRAIL and 
MIX. The dosage of pro-inflammatory cytokines produced after 24 
and 48 hours of exposure to treatments is also shown in Figure 
1. At both times, levels of cytokines IL-6 (G) and IL-8 (H) were 
slightly higher in IL-2, TRAIL and MIX groups when compared 
to the others. The TNF (I) levels were significantly higher in IL-2, 
TRAIL and MIX groups when compared to the others. 

Cell morphology is shown in Figure 2 in the 24 and 48-hour periods. 
In both time intervals, cell morphology in CTRL-, LB and SL3261 
groups are preserved. On the other hand, cells treated with IL-2, 
TRAIL and MIX present alterations in morphology with reduced 
cell size, lower adhesion, extravasation of cytoplasmic content and 
cell membrane with lower definition.

Figure 3 shows the dosage of NO produced (A) and the activity of 

In vivo assays

The experimental design of this study was based on the 
recommendations of the Ethical Principles of Animal 
Experimentation adopted by the Brazilian Society of Laboratory 
Animal Science (SBCAL) and approved by the Ethics Committee 
on Animal Use (CEUA) of the Federal University of São Carlos 
(UFSCar), under the license number 8915061118 (Supplementary 
Material 1).

Animals: Female mice of the C57BL/6 lineage, weighing between 
18 and 20 grams, were obtained from the company ANILAB 
Animal Farm and Commerce Ltda. These animals have the 
Specified Pathogen Free-SPF certificate, which ensures that they 
are free of pathogens. All animals were kept in the Bioterium of the 
Department of Morphology and Pathology of the Federal University 
of São Carlos (DMP-UFSCar), with free access to water and food 
for rodents in individual cages with air control (ALESCO).

Experimental groups, cancer induction and treatment: Six 
experimental groups were defined with 10 animals per group 
(n=10) analyzed individually. The sample groups are shown below 
(CAbxg: bladder cancer):

•	 CTRL-: Healthy animals

•	 CTRL+: CAbxg

•	 SL3261: CAbxg+Treated with SL326

•	 SL3261_IL-2: CAbxg+Treated with SL3261_ IL-2 

•	 SL3261_TRAIL: CAbxg+Treated with SL3261_TRAIL

•	 SL3161_MIX: CAbxg+Treated with SL3261_ MIX

For tumor induction, under the effect of anesthetics, the animals 
were submitted to transurethral catheterization with the aid of a 
24-gauge polyethylene catheter without needle and the bladder 
was completely emptied by manual compression for the removal 
of urine residues. Then, the bladder epithelium was injured with 
70 μl with 22% ethanol, followed by washes with 0.9% saline 
solution. The tumor was induced by a lesion in the internal tissue 
of the bladder followed by local inoculation of tumor cells MB49. 
Then, intravesical instillation of 70 μl of MB49 to 1 × 104 cells/
mouse suspension was performed. After instillation procedures, 
the catheters were removed and the animals were followed daily, 
analyzing tumor implantation through observation of hematuria 
and abdominal augmentation.

Treatment was intratumoral with 5 × 107 CFU/ml of the bacterium 
after 3 days of tumor induction. The time of euthanasia was 
determined by the weakened state of the animals, occurring 11 days 
after tumor implantation.

Euthanasia, obtaining and counting blood cells: The animals were 
anesthetized with xelasin and ketain at 20 mg/kg intraperitoneal 
(i.p.). The blood of the animals was obtained by puncture of the 
left brachial vein, using EDTA (Ethylenediamine Tetraacetic Acid-
Tetraacetic Ethylenediamino Acid) as anticoagulant at the final 
concentration of 0.3M. The overall blood cell count was performed 
individually in the Neubauer chamber, and the samples were added 
in Turk solution (3% acetic acid and methylene blue at 1%) at 
1:20 dilution. For the differential count and % (Eosinophils, 
Neutrophils and Mononucleated Leukocytes) smear slides were 
made with Fast Pannotic Dye. In each slide, 100 cells were counted, 
with the aid of light microscopy with a final magnitude of 1000 
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Figure 1: Cell viability in %, autophagic arbitrary unit and inflammatory profile via dosage of IL-6, IL-8 and TNF cytokines. Quantitative analysis 
of the data. (A, B) Cell viability in % after treatment with IL-2, TRAIL and MIX after 24 hours and 48 hours of exposure by the MTT assay. N=14. 
(C, D) Cell viability in % after treatment with IL-2, TRAIL and MIX after 24 hours and 48 hours of exposure by neutral red dye assay. N=14-15. (E, 
F) Autophagic Arbitrary Units after treatment with IL-2, TRAIL and MIX after 24 hours and 48 hours of exposure with positive result for values 
greater than 1. N=14. (G) IL-6 concentration in pg/mL after treatment with IL-2, TRAIL and MIX after 24 hours and 48 hours of exposure. N=10. 
Results were presented in mean and standard deviation.  (H) IL-8 concentration in pg/mL after treatment with IL-2, TRAIL and MIX after 24 
hours and 48 hours of exposure. N=10. (I) TNF concentration in pg/mL after treatment with IL-2, TRAIL and MIX after 24 hours and 48 hours 
of exposure. N=10.  (*) vs. CTRL-: * p<0.5; ** p<0.01; *** p<0.001; **** p<0.0001. (º) vs. LB: º p<0.5; ºº p<0.01; ººº p<0.001; ºººº p<0.0001. (‘) vs. 
SL3261: ’’’ p<0.001; ’’’’ p<0.0001. All the results were presented as the median with the upper and lower quartiles: Me [Q1; Q3]. Note: (  ) 24 
hours, (  ) 48 hours, (  ) 48 hours, (  ) 48 hours.

Figure 2: Cell morphology of RT4 cells. Qualitative analysis of data. Images by optical microscopy after 24 and 48 hours of exposure to treatments. 
Final resolution of 100X.
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7-AAD negative, while cells that are in late apoptosis or already 
dead are both PE Annexin V and 7-AAD positive. In Figure 4G 
and 4H are the heatmap graphs where gray represents the lowest 
values and blue and pink the highest values at 24 and 48 hours, 
respectively.

Figure 5 represents the ability of cell recovery through colony 
formation after 24 and 48 hours of exposure. A and B shows the 
colony numbers and C and D shows Optical Density. The recovery 
capacity of RT4 cells is compromised after treatments with IL-2, 
TRAIL and MIX because both the number of colonies and O.D. 
are significantly lower when compared to the other groups.

Figure 6 shows the weight of the bladders of c57BL/6 animals. 
In Figure 6A are the data of all animals showing that there was 
tumor implantation when compared with the CTRL- group and 
that treatments with the 3 bacterial lines are effective in tumor 
reduction. Figure 6B is an image as photographs of bladders of 
all groups. The bladders of the animals treated with SL3261_IL-2, 
SL3261_TRAIL and SL3261_MIX presented in addition to lower 
weight aspect better, with reduced size and color similar to CTRL-. 
The MIX group presented the highest tumor regression, in which 
the bladders presented size equal to or less than the CTRL-group. 
Figure 6 also represents the accumulation of the 3 strains in the 
tumor microenvironment analyzed by counting colony-forming 
units in the tumor, spleen and liver of the animals (Figure 6C). 
Photograph of the culture plates from the macerated organs in 
2 dilutions, 100 and 200 times (Figure 6D). Observa-se que a 
acumulação de S. typhimurium é preferencial no tumor (bexiga) do 
que nos órgãos naturalmente colonizados (fígado e baço).

Caspase-3 (B) in Optical Density (OD). The concentration of NO 
at 24 hours was slightly higher only in the IL-2 group. In 48 hours, 
there was a significant increase in NO´s concentration in IL-2, 
TRAIL and MIX groups. The activity of Caspase-3 enzyme was 
higher in IL-2, TRAIL and MIX groups, but a significant difference 
was observed only in TRAIL and MIX groups. The values obtained 
were higher in 24 hours than in 48 hours, when there was also a 
slight increase in Optical Density, without significant difference in 
IL-2, TRAIL and MIX groups.

Cell death by apoptosis was analyzed by flow cytometry and the 
data are shown in Figure 4. The initial apoptosis (positive for PE 
and negative for 7AAD) and late apoptosis (positive for PE and 
7AAD) were differentiated. It is notable that in treated groups 
with IL-2, TRAIL and MIX, there was a higher total apoptosis in 
both exposure intervals. However, late apoptosis was higher than 
initial apoptosis at both times, mainly at 48 hours. Dot plot graphs 
obtained through flow cytometry of the groups CTRL-, LB, SL3261, 
IL-2, TRAIL and MIX in RT4 cell culture in 24 and 48 hours are 
showed in the Figures 4A and 4B with 7-AAD on the y-axis and PE 
Annexin V on the X-axis. The Figures 4C and 4D are representative 
of histograms showing the fluorescence peak emission of the 
respective markers, according to each group analyzed in both 24 
hours and 48 hours. At both times the emission peaks of the IL-
2, TRAIL and MIX groups are significantly higher than the peaks 
of the CTRL-, LB and SL3261 groups. The data presented are 
representative (Figures 4A-D), showing a single reading from each 
group, since the sample number is n=11. The graphs in Figures 4E, 
4F, 4I and 4J show the fluorescence in % of each marker. The cells 
that are considered viable are PE Annexin V and 7-AAD negative. 
The cells that are in early apoptosis are PE Annexin V positive and 

Figure 3: Levels of NO and Caspase-3 activity. Quantitative analysis of data. (A, B) NO concentration in mM after treatment with IL-2, TRAIL and 
MIX after 24 hours and 48 hours of exposure. N=14. (C, D) D.O. fluorescence of Caspase-3 activity after treatment with IL-2, TRAIL and MIX after 
24 hours and 48 hours of exposure. N=8. Results were presented in mean and standard deviation * vs. CTRL- in 24 hours: (*) p<0.5; ** p<0.01; *** 
p<0.001. (º) vs. SL3261: ººº p<0.001; ºººº p<0.0001. (‘): ’’ p<0.01.The results were presented as the median with the upper and lower quartiles: Me 
[Q1; Q3] (A) and with mean and standard deviation (B, C, D).
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Figure 4: Initial and late apoptosis in RT4 cells by flow cytometry. Qualitative data analysis. (A, B) Dot plot graphs obtained through flow cytometry. 
(C, D) The histogram graph represents each peak of fluorescence emission. Quantitative data analysis. Cell analysis quantified in % of early and 
late apoptotic cells compared to values quantified in the C- group: (E, F) 24 hours and (I, J): 48 hours. The gray background represents a significant 
difference. (G, H) Comparison between mean number of cells and correlation between early and late apoptosis, at 24 and 48 hours respectively. 
Black represents low % apoptosis expression, green represents high % apoptosis expression in 24 hours and blue represents high % apoptosis 
expression in 48 hours. N=14. Results were presented in mean and standard deviation. (*) vs. C-; * p<0.05; ** p<0.01; *** p<0.001; **** p<0.0001.
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Figure 5: Cell recovery through colony formation. Quantitative data analysis. (A, B) Number of colonies after treatment with IL-2, TRAIL and MIX 
after 24 hours and 48 hours of exposure. (N=2). Qualitative data analysis. Results were presented in mean and standard deviation.   (C, D) Optical 
density of colony number after treatment with IL-2, TRAIL and MIX after 24 hours and 48 hours of exposure. N=8-9 (*) vs. CTRL- in 24 hours: * 
p<0,5; ** p<0.01; *** p<0.001; **** p<0.0001. (º) vs. CTRL- in 48 hours: º p<0.5; ºº p<0.01; ººº p<0.001; ºººº p<0.0001. The results were presented as 
the median with the upper and lower quartiles: Me [Q1; Q3].
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is a significant increase in the groups treated with SL3261_TRAIL 
and MIX. Figure 7H shows the survival rate (%) of the animals. 
It is noted that animals died primarily in the groups treated with 
SL3261_TRAIL and SL3261_MIX, followed by death in SL3261_
IL-2, CTRL+ and no deaths in CTRL- and SL3261, so much so that 
the curves are overlapping. Figure 7I is a representative scheme of 
experimental design in which immunotherapy began on the 4th day 
after tumor induction and euthanasia occurred on the 11th day.

A reduced and representative scheme of the action of IL-2 and 
TRAIL proteins on T4 cells is shown in Figure 8. The TRAIL 
protein finds its TRAIL-R receptor on the surface of cell MB49 and 
RT4, which generates a signal for the cell to synthesize more TRAIL 
molecules. Because of this signal amplification, caspase proteins are 
activated. IL-2 also finds its receptor, IL-2R, on the surface of cells. 
Once this happens, the activation of the enzyme iNOS occurs, which 
leads to the production of ON. Consequently, there is a decrease in 
cellular respiration, DNA fragmentation, increased transcription 
of the p53 gene. Both processes lead cells to the apoptosis process, 
also causing damage to the cell membrane, mitochondria and 
lysosomes and synthesis of inflammatory proteins. In animals there 
is reduction of tumor size and stimulation of the immune system to 
try to fight the progression of the disease.

Figure 7 shows the cellular profile in the plasma and blood of the 
animals. In Figure 7A there is the overall cell count in plasma. 
It is noted that healthy animals, CTRL- group, have a higher 
number of cells. On the other hand, animals with cancer and 
without treatment, CTRL+ group, the number of cells is markedly 
lower when compared to the CTRL- group. The other treated 
groups also have a lower number of cells than CTRL-, but higher 
than CTRL+. Figure 7B shows the amount of mononucleated 
leukocytes (lymphocytes, mastocytes, monocytes, and basophils) in 
the blood. The cell number is higher in CTRL-, lower in CTRL+ 
and intermediate in the treated groups. In Figure 7C there is the 
number of neutrophils in the blood. In the groups treated with 
SL3261, SL3261_IL-2 and SL3261_MIX there is an increase in 
the number of neutrophils, which is not observed with a group 
treated with SL3261_TRAIL. In Figure 7D there is the number 
of eosinophils in the blood and is significantly higher in CTRL+ 
and slightly present in SL3261_IL-2 and SL3261_TRAIL. Figure 
7 also shows the dosage of TNF, IL-12 and IFN-γ in the plasma 
of c57BL/6 animals. From the levels of TNF in plasma, it is 
observed that there is a slight increase in the group treated with 
SL3261_TRAIL in plasma. Figure 7F shows il-12 levels in plasma. 
There is a slight decrease in concentration in the CTRL+ group. In 
Figure 7G there is the dosage of IFN-γ in plasma, in which there 

Figure 6: Bladder weight and biodistribution of bacterial strains in the bladder, liver and spleen of C57BL/6 mice. Quantitative analysis of the 
data. N=9-12. (A) Weight in grams of the bladders. (B) Bladder photograph of an animal by group (C) Biodistribution of the 3 bacterial strains in 
the tumor environment. (D) Photograph of the cultivation plates showing the amount of colonies.  The results were presented as the mean and 
standard deviation as the median with the upper and lower quartiles. (*) vs. C-: * p<0.05; ***p<0.001; ****p<0.0001. (°) vs. C+: ° p<0.05; °° p<0.01; 
°°°p<0.001; °°°°p<0.001.
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Figure 7: Plasma and blood cell profile and TNF, IL-12 and IFN-γ levels in c57BL/6 animal plasma. Quantitative analysis of the data. N=8-12. (A) 
Total leukocytes in plasma. (B) Mononucleated leukocytes in the blood. (C) Neutrophils in the blood. (D) Eosinophils in the blood. (E) Plasma 
TNF levels (F) IL-12 levels in plasma. (G) IFN-γ in plasm. (*) vs. C-: * p<0.05; ** p<0.01; p<0.001. (°) vs. LB: °° p<0.01; º º p<0.01. (+) vs. SL3261: 
+p<0.05+++p<0.001. The results were presented as the median with the upper and lower quartiles: Me [Q1; Q3].

Figure 8: Mechanisms triggered by the action of IL-2 and TRAIL proteins in vitro and in vivo. (A) Through anaerobiosis there is synthesis and release 
of IL-2 and TRAIL proteins by the SL3161_IL-2 and SL3262_TRAIL, respectively. (B). IL-2 and TRAIL bind to their receptors in cells. IL-2 activates 
iNOS, which increases NO production, causing damage to cells, and TRAIL activates caspases, which leads to apoptosis. (C) In mice, immune 
system modulation and tumor regression occur.
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As a consequence of NO´s action, there is suppression of cellular 
respiration and DNA synthesis, DNA fragmentation, pro-apoptotic 
modulation via activation of proteases of the caspase family, 
increased expression of p53 (protein related to the cell cycle and 
tumor suppression) [35], and change in the expression of proteins 
associated with apoptosis [36].

TRAIL induces cell death by apoptosis when it binds to its receptors 
(TRAIL-R1 or TRAIL-R2) in RT4 cell membrane that activates 
apoptotic signal transduction cascades, mediated by members of the 
tumor necrosis factor receptor superfamily, initiating the apoptotic 
process via caspase activation. This is the extrinsic activation of 
apoptosis [37,38]. The intrinsic pathway of apoptosis is activated 
by intracellular signaling of mitochondria. Mitochondria are 
regulated by pre-apoptotic and antiapoptotic BCL-2 proteins and 
play important roles in chemotherapy and radiation-induced cell 
death [38].

The data obtained in this study show that there was an increase 
in NO production after 48 hours in the three treated groups and 
there was an increase only in the IL-2 group after 24 hours. These 
results were also found in a study that used the same bacterial strain 
(SL3261) synthesizing these two proteins in murine bladder cancer 
cells MB49 [20]. Another study showed that NO improved TRAIL 
action in pancreatic cancer via regulation of BCL-2, a protein that 
regulates the permeability of mitochondrial membrane and has 
apoptotic or anti-apoptotic role [39,40]. NO has antiangiogenic and 
antitumor properties [41]. In IL-2 and MIX groups, the synthesis of 
NO was due to the iNOS action, while in the cells treated with 
TRAIL the production was due to cell death by apoptosis induced 
by this protein [37]. IL-2 has demonstrated apoptotic effects as 
a result of NO production. So, IL-2 can act as a pro-apoptotic 
modulator, since it activates proteases of the caspase family by 
releasing mitochondrial cytochrome C into the cytosol. It results in 
an increased expression of the p53 gene and alters the expression 
of proteins associated with apoptosis, such as the BCL-2 family that 
regulates programmed cell death (apoptosis) [42].

The data obtained show that RT4 cells suffer cell death by 
apoptosis when exposed to IL-2, TRAIL and MIX proteins. This 
was observed through Caspase-3 analysis and Annexin V PE and 
7AAD marking, fluorescent dyes commonly used in assays for 
verification and quantification of apoptosis by flow cytometry. 
Caspases are cysteine-aspartate enzymes whose sequential activation 
leads to programmed cell death [43]. Similar results were found in 
other study with MB49 cells using the same proteins synthesized by 
SL3261 when analyzed by flow cytometry and in a prostate cancer 
cells study with TRAIL treatment [20,44].

TRAIL induces apoptosis in tumor cells, but when this induction 
fails or is actively inhibited, there is an ability of human and mouse 
TRAIL receptors to induce necrosis, regardless of their ability to 
undergo apoptosis [45]. Late apoptosis, found in the effects of 
both IL-2 and TRAIL in the present study, may indicate necrosis 
[43]. Thus, in addition to the strategies established for induction 
of apoptosis, the induction of programmed necrosis by TRAIL 
may represent innovative options to combat tumor cells. The 
cytotoxic effects of IL2, TRAIL and MIX on necrotic tumor cells 
may contribute to more effective cancer treatment. It is noteworthy 
that the antitumor response induced by Salmonella expressing IL-2 
was correlated with decreased angiogenesis and increased necrosis 
in tumor tissue [2].

RT4 cells suffered loss of viability demonstrated by MTT and 

DISCUSSION

The present study proposed to analyze the antitumor effect of 
IL-2, TRAIL and a mixture (MIX) of these proteins expressed 
by the recombinant strain of Salmonella SL3261 on an in vitro 
model of bladder cancer therapy using a human cell line, RT4 
and C57BL/6 mice. The proteins were expressed extracellularly, 
making it possible to use the culture supernatant as a source of 
the recombinant proteins. Cell death by apoptosis through marked 
antibodies and Caspase-3 activity, inflammatory profile generated 
via inflammatory cytokine synthesis, cytotoxicity through cell 
viability assays and cell morphology by optical microscopy was 
analyzed. In the murine assays, the cellular and immunological 
profile and tumor progression were analyzed.

The tumor microenvironment consists of malignant and non-
malignant cells in which cancer cells aggregate healthy cells to 
help them proliferate. It is increasingly clear that the interaction 
of cell compartments affects cancer progression and response to 
therapy. Therefore, current preclinical models such as tests on 
human cell lines incorporate these compartments and allow the 
investigation of dependent contributions of specific cell types to 
cancer progression [15].

Bladder cancer is very malignant with the main cause represented by 
smoking. The appearance of metastases and recurrence is high [16]. 
Therefore, the experimental design proposed in this study using 
human bladder tumor cell line can contribute to the development 
of more selective therapies for bladder cancer. 

The S. typhimurium SL3261 strain used in this study presents 
attenuation of the aroA gene that leads to blockage of the synthesis 
pathway of aromatic molecules and impairs reproduction. These 
organisms rely, for example, on p-Aminobenzoic acid (pABa) and 
2,3-Dihydrobenzoic acid (DHB), which is a precursor of compounds 
used to extract iron from bacteria. Salmonella also synthesizes pABa 
and DHB from chorismic acid, the final product of the aromatic 
biosynthetic pathway. Interfering in any step of this pathway makes 
the bacteria auxotrophic and less pathogenic to two components 
not available in vertebrate tissue which makes this attenuation safe 
[19,28,29].

A previous study that used this SL3261 strain that synthesizes IL-
2+YFP and TRAIL+EmGFP, construction that is novel and that 
was published in a single article by our group using the murine 
bladder tumor cell line MB49 [18]. This work showed that the 
two strains showed stronger fluorescence when the bacterial 
culture supernatant analyzed in a fluorescence reader and also by 
ELISA, confirming the heterologous expression of IL-2 and TRAIL 
proteins [20]. This approach is common for both IL-2 and TRAIL 
for this type of construction in tumor model studies [2,30]. In 
addition, EmGFP protein and its derivatives do not cause obvious 
biological damage and do not require substrates or cofactors [31]. 
Another advantage of this type of structure is that the acquisition 
of fluorescent images, widely used in oncogenic therapy and in vitro 
and in vivo studies, is totally noninvasive.

The mechanism of IL-2 in vitro starts when the protein finds its 
receptor in the membrane (IL-2R) of the RT4 cell [32]. IL-2R 
is present in tumor cells [33]. This IL-2 and receptor binding 
generates an activation signal of the enzyme nitric oxide synthase 
(iNOS-inducible isoform) that catalyzes the synthesis of NO 
from the amino acid L-arginine [1]. The NO is a highly reactive 
molecule because it is a free radical with an unpaired electron [34]. 
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the proposed treatment.

A study previously carried out in our research group verified the 
safety of the use of SL3261 in balb/c animals. In the study, 5 × 105 
CFU/ml of SL3261_IL-2 and SL3261_TRAIL. Il-12 and TNF levels 
were dosed in the plasma of the animals and the number of total 
leukocytes. One day after inoculation, Il-2 inflammatory cytokine 
levels increased due to the host's natural immune response to LPS 
present in SL3261. However, on the 7th day, these values decreased. 
Moreover, TNF levels did not increase at any time. Based on these 
findings, it was proven that the animals did not suffer sepsis. This 
is explained by the fact that there is a lack of accumulation of 
genetically modified S. typhimurium in normal tissues, including 
blood showing that the therapeutic use of SL3261 is safe. The data 
in the present study corroborate these findings since the levels of 
TNF and IL-12 in the plasma of C57BL/6 animals treated with 
SL3261, SL3261_IL-2, SL3261_TRAIL and SL3261_MIX were not 
high.

There was a significant decrease in bladder size of animals treated 
with SL3261, SL3261_IL-2, SL3261_TRAIL and SL3261_MIX. In 
the work of Camillo et al., the same bacterial strains were used in 
Balb/c Nude mice with human colorectal cancer, HCT8 strain, 
which showed the same marked decrease in the tumor located on 
the flanks of the animals treated with SL3261_TRAIL and SL3261_
MIX [20]. Similar results were found in tests using the same line of 
S. typhimurium A1-R in the treatment of breast cancer also in Balb/c 
Nude. A study with immunodeficient mice with several types of 
cancer, such as breast carcinoma, colon carcinoma, pancreatic 
adenocarcinoma, glioma and myeloma showed that trail treatment 
was effective in tumor regression [38]. Trail's recombinant molecule 
was developed to reach various types of tumor cells, so that they 
have to present their receptor, TRAIL-R. It has an important 
advantage that is ability to eliminate tumor cells without causing 
lethal adverse effects, such as those found with TNF. As previously 
discussed, TRAIL induces apoptosis through interaction with 
its receptors and consequent activation of Caspases, but it also 
plays a role in p53 protein-mediated apoptosis, which is a tumor 
suppressor gene. Genetic lesions from trail activation pathway 
components have been identified in human tumors, suggesting 
trail pathway inactivation and/or trail-mediated immunovigilance 
escape and may function at tumor onset and progression [38]. So, 
TRAIL proves to be a very promising therapeutic agent for cancer 
therapy.

In this same work by Camillo et al., some of the Balb/c Nude 
animals died when treated with SL3261_TRAIL and SL3261_MIX, 
the same observed in the present study besides death with SL3261_
IL-2. This can be explained by the fact that Il-2 and TRAIL proteins 
generated high inflammatory power at the dose of 5 × 107 CFU/
ml. However, there were no deaths with treatment with SL3261. 
Therefore, IL-2 and TRAIL generated a strong tissue inflammatory 
reaction that evolved to a systemic response and that in this dose is 
not safe, even if there is a marked decrease in the tumor. As studies 
have been done in Balb/c with a dose 5 times greater than this the 
preferential accumulation of SL3261 in tumor tissue and not in 
healthy tissues is not able to activate this systemic inflammation, 
since there was no death of animals or increase of inflammatory 
cytokines as discussed in the previous paragraph. This tissue 
inflammatory reaction can be explained due to the synthesis of 
ON by the activation of iNOS by IL-2 which contributed to the 
inflammatory and antitumor responses as mentioned earlier.

S. typhimurium replicates preferentially in tumors, but a small 

neutral red dye assays that was supported by cell morphology 
images. Studies have shown that IL-2 has the ability to decrease cell 
viability in SKOV3 (human ovarian cancer) and HepG2 (human 
liver cancer) cells by the MTT assay. TRAIL also showed loss of 
cell viability in different liver cancer cells (ep3b, PLC, HepG2, 
HCT116-Bax/ e HCT116-Bax/) also by the MTT assay [46-48]. This 
reduction in cell viability induced by IL-2, TRAIL and MIX has 
also been demonstrated in MB49 tumor cells [20]. In the neutral 
red dye assay, a study showed that TRAIL decreased cell viability in 
lung cancer model (L-132) [49].

Autophagy is a natural process in which the cytoplasmic content 
of cells is renewed and can be activated by environmental stress 
such as hunger and infections or by the cell itself such as toxins, 
chemotherapy and immune system stimulation [50]. Depending 
on the stimulus, it can kill the cell or lead to its survival, both 
in healthy and tumor cells [51]. In addition, there is a strong 
correlation between autophagy and apoptosis, since their activation 
mechanisms are associated [51]. The IL-2, TRAIL and MIX proteins 
tested in this study in RT4 cells generated autophagy as a response 
to the cytotoxic proteins action. TRAIL is an autophagy activator, as 
reported in several studies and has a cross-effect between autophagy 
and apoptosis [51], which corroborates the data obtained. Studies 
have shown that IL-2 promotes autophagy in mouse tumor cells, 
MC38 strain of colorectal carcinoma and Panc-2 of chloroquine-
associated adenocarcinoma, leading to tumor cell death and 
survival of animals [52].

As all these processes mentioned so far depend on signaling, 
the synthesis of pro-inflammatory cytokines IL-6, IL-8 and TNF 
was investigated. IL-6 is an inflammatory protein synthesized by 
T lymphocytes and macrophages and acts to combat bacterial 
infections and traumas such as burns [53]. In cancer, this protein 
is present at high levels as in cases of breast and prostate cancers 
[53,54]. IL-8 is produced by T lymphocytes, macrophages and 
dendritic cells in response to intracellular infections and chemotaxis 
for neutrophil activation [55,56]. IL-8 is a promising biomarker for 
cancer and has been studied for the diagnosis of this disease [57]. 
In cancer, IL-8 is responsible for tumor angiogenesis and metastasis 
[58]. In the data obtained in this study, there was a slight difference 
between the treated groups when compared with the control group 
for both IL-6 and IL-8.

TNF is also an inflammatory cytokine responsible for fighting 
tumors via necrosis, synthesized mainly by macrophages [59]. 
Depending on the cell situation, it can induce various effects such 
as apoptosis, necrosis, angiogenesis, immune cell activation, cell 
differentiation and migration. These processes are very important 
in immunological monitoring of the tumor and play an important 
role in tumor development and progression. Therefore, it is not 
surprising that TNF has a context-dependent precancerous and 
anticancer effect [60]. Data shows that there was an increase in TNF 
levels in the groups treated with IL-2, TRAIL and MIX, evidencing 
that in this experimental model the TNF promotes cell death.

Finally, the ability of RT4 cells to recover after the proposed 
treatment was evaluated, which was impaired by the action of IL-2, 
TRAIL and MIX. Similar pattern was observed in MB49 tumor 
cells treated with the same proteins synthesized by SL3261 [20]. 
Another study showed that three types of bladder cancer, murine 
(MB49) and human (T24 and UMUC3), had the ability to recover 
and form colonies [61], showing that tumor cells maintain this 
ability even after treatment. In view of this, the data obtained in 
the present study are promising, since cell recovery was affected by 
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Jurkat human leukemia cells and HT29 colon cancer cells. Such 
TRAIL induction occurs by binding IFN-γ to a response element 
stimulated by IFN-γ, leading to TRAIL induction and consequent 
apoptosis, so the levels of this cytokine are increased in the groups 
treated with SL3261_TRAIL and SL3261_MIX. Tumor regression 
can also be explained by the action of IFN-γ it is able to inhibit 
tumor growth, activate macrophages and increase cellular immunity 
(TORRES, 2018).

The overall count of cells, mononucleated leukocytes and 
neutrophils in the blood can be explained by the fact that Salmonella 
is responsible for the recruitment of neutrophils and macrophages, 
resulting in the elimination of tumor cells. After infiltrating the 
tumor, the bacteria generate infection with high infiltration of 
immune cells (mainly neutrophils and dendritic cells), which are 
located between the viable and necrotic areas of the tumor. In the 
blood there was a higher number of mononucleated leukocytes, 
mainly lymphocytes in the groups treated with SL3261, SL3261_
IL-2 and SL3261_TRAIL when compared to the C+ group. A recent 
study using the CRISPR-Cas9 technique has identified a subgroup 
of T lymphocytes capable of recognizing tumor cells and combating 
them. The mechanism occurs by the specific identification of 
unique metabolites related to the MR1 molecule, tumor cells 
and specific CRT. Treatment with these lymphocytes was effective 
against lung, kidney, uterus, melanoma and leukemia cancer.

Neutrophils infiltrate the tumor microenvironment and 
neutrophilia is one of the worst prognoses of the disease. A study 
that sought to elucidate the development of glioblastoma, one of the 
types of brain cancer, using animal models showed that neutrophils 
are located very close to the tumor and that throughout the 
development of the disease are constantly recruited from the bone 
marrow. In the early stages of the disease, recruited neutrophils 
caused the growth of the tumor to decrease. However, with the 
tumor advancement of the neutrophil bone marrow with a pro-
tumorigenic phenotype, they were recruited. It is believed that there 
is a signaling pathway between the bone marrow and the tumor 
that can influence the synthesis of neutrophils with a phenotype 
that promotes tumor growth. In the present study, the established 
cancer was acute with only 11 days of disease development, so it was 
in the early stages. In the blood, neutrophils were more in animals 
treated with SL326, showing that neutrophils played an important 
role in tumor regression.

Eosinophils may play a role in the beginning of the antitumor 
response. One study evaluated eosinophilia in cancer and 
identified a lower incidence of colorectal cancer with an increase in 
the eosinophil count. In the data of the present study, the number 
of eosinophils was much higher in the blood in the C+ group and 
in the groups treated with SL3261_IL-2 and SL3261_TRAIL.

CONCLUSION

IL-2 and TRAIL, administered separately or together, contributed 
to generate a marked decrease in cell viability via NO production 
and Caspase activation, resulting in deleterious autophagy and 
cell death by apoptosis in human bladder cancer cells. In the mice 
tests both proteins generated significant tumor regression and 
synthesis of important cytokines in the tumor control process. 
The use of these therapeutic agents is relevant, as there is already 
a vast knowledge about their action in cancer therapy, not only 
from the positive aspects but also from the negative ones, such as 
cytotoxicity in high concentrations and rapid clearance by the body. 

number of them are capable to replicate in healthy tissues, which 
can be toxic which causes harmful effects on normal tissues. The 
proposed approach with the use of attenuated SL3261 and with 
the nirB promoter, which allows the specific expression of genes 
of localized interest in the hypoxia environment of the tumor, 
tends to be safe and avoid undesirable toxicities to normal tissues. 
One study compared the effects of intratumoral and intravenous 
Salmonella inoculation, analyzing safety, ability to limit bacterial 
dissemination, and efficacy in the propagation of therapeutic 
effects in primary and secondary tumors. They concluded that the 
intratumoral route is safer. Therefore, the intratumoral route was 
used in this study and there was the expected biodistribution with 
the use of SL3261.

IL-2 is produced by TCD4+ lymphocytes that stimulate The TCD4+ 
itself and associated with IL-15, produced by cells in the body, 
stimulate the TCD8+ lymphocyte. Lymphocytes identify specific 
cancer antigens and trigger a specific immune response by various 
mechanisms. The TCD8+ lymphocyte, for example, eliminates the 
tumor cell via perforin secretion (direct form) and by the synthesis 
of IFN-γ (indirect form) and, generally, both processes occur 
concomitantly. Data found in the present study show an increase in 
ifn-γ plasma levels of animals treated with TRAIL and MIX. IL-2 in 
addition to stimulating T cells stimulate NK lymphocytes, increase 
serum concentrations of other pro-inflammatory cytokines such as 
TNF, IFN-γ and IL-1. The U.S health surveillance agency, the FDA 
(Food and Drug Administration) has approved the application of 
high doses of IL-2 in the treatment of metastatic melanoma and 
renal carcinoma based on a study of 270 patients in 8 studies by the 
U.S. Therefore, IL-2 plays an important role in tumor regression 
by activating several antitumor mechanisms. Treatment with IL-2 
against hepatocellular carcinoma was able to inhibit metastases in a 
study with Nude mice because NK cells were alive and active in the 
liver. The same study also demonstrated in vitro that NKs inhibited 
the proliferation, migration and invasion of hepatocarcinoma cells, 
preventing lung metastasis. The tumor decrease observed in the 
SL3261_MIX group may have been exerted by the antiangiogenic 
and cytotoxic action of IL-2 in addition to the cytotoxicity exerted 
by TRAIL directly in tumor cells. The administration of therapies 
based on a combination of TRAIL and IL-2 can be highly effective.

In addition to the action of IL-2 and TRAIL Salmonella itself may play 
a role in tumor regression. A work with recombinant S. typhimurium 
that secretes flagellin showed that it was able to generate tumor 
regression even though a control group treated with flagellin, in 
which there was no tumor regression. These findings verify the 
efficiency of Salmonella in cancer treatment. The explanation 
for this is that the tumor microenvironment incorporates the 
bacterium and there is competition between bacteria and tumor 
cells by nutrients, release of components derived from bacteria that 
are antitumor released by bacterial lysis, decreased angiogenesis, 
autophagy and increase of apoptotic molecules. Salmonella is also 
capable of synthesizing IFN-γ and ON, as already discussed and 
reducing the action of suppressor cells from myeloid cells of the 
tumor microenvironment, resulting in the recruitment of NK, 
macrophages, neutrophils, T and B lymphocytes.

The high levels of IFN-γ dosed in plasma of the groups treated 
with SL3261_TRAIL and SL3261_MIX are explained by the 
fact that IL-2 induces proliferation and activation of NK cells, 
responsible for the activation, proliferation and recruitment of 
other inflammatory and cytotoxic cells to the tumor region, via the 
release of cytokines such as IFN-γ. IFN-γ directly induces TRAIL in 



14

Fragelli BDL, et al. OPEN ACCESS Freely available online

Chemo Open Access, Vol.11 Iss.1 No:1000171

8.	 Saltzman DA, Heise CP, Hasz DE, Zebede M, Kelly SM, Curtiss R, 
et al. Attenuated Salmonella typhimurium containing interleukin-2 
decreases MC-38 hepatic metastases: A novel anti-tumor agent. Cancer 
Biother Radiopharm. 1996;11(2): 145-153.

9.	 King I, Itterson M, Bermudes D. Tumor-targeted salmonella typhimurium 
overexpressing cytosine deaminase: A novel, tumor-selective therapy. 
Methods Mol Biol. 2009;542: 649-659.

10.	 Zheng JH, Min JJ.  Targeted cancer therapy using engineered Salmonella 
typhimurium. Chonnam Med J. 2016;52(3): 172-173.

11.	 COLEY WB. The treatment of malignant tumors by repeated 
inoculations of erysipelas. Ann Surg. 1893;18: 67-68.

12.	Pawelek JM, Low KB, Bermudes D. Bacteria as tumour-targeting 
vectors. Lancet Oncol. 2003;4(9): 548-556.

13.	Chorobik P, Marcinkiewicz J. Therapeutic vaccines based on genetically 
modified Salmonella: A novel strategy in cancer immunotherapy. Pol 
Arch Med Wewn. 2011;121(12): 461-466.

14.	 Bray F, Ferlay J, Soerjomataram I, Siegel RL, Torre LA, Jemal A. 
Global cancer statistics 2018: GLOBOCAN estimates of incidence 
and mortality worldwide for 36 cancers in 185 countries. CA Cancer J 
Clin. 2018;68(6): 394-424.

15.	Tran L, Xiao JF, Agarwal N, Duex JE, Theodorescu D. Advances in 
bladder cancer biology and therapy. Nat Rev Cancer. 2021;21(2): 104-
121.

16.	 Burger M, Catto JWF, Dalbagni G, Grossman HB, Herr H, Karakiewicz 
P, et al. Epidemiology and risk factors of urothelial bladder cancer. Eur 
Urol. 2013;63(2): 234-241.

17.	 Sievert KD, Amend B, Nagele U, Schilling D, Bedke J, Horstmann M, 
et al. Economic aspects of bladder cancer: What are the benefits and 
costs? World J Urol. 2009;27(3): 295-300.

18.	 Ramos CRR, Abreu PAE, Nascimento ALTO, Ho PL. A high-copy T7 
Escherichia coli expression vector for the production of recombinant 
proteins with a minimal N-terminal his-tagged fusion peptide. Brazilian 
J Med Biol Res. 2004;37(8): 1103-1109.

19.	 Oxer MD, Bentley CM, Doyle JG, Peakman TC, Charles IG, Makoff 
AJ. High level heterologous expression in E.coli using the anaerobically-
activated nirB promoter. Nucleic Acids Res. 1991;19(11): 2889-2892.

20.	de Lima Fragelli BD, Camillo L, de Almeida Rodolpho JM, de Godoy 
KF, de Castro CA, Brassolatti P, et al. Antitumor effect of IL-2 and 
TRAIL proteins expressed by recombinant Salmonella in murine 
bladder cancer cells. Cell Physiol Biochem. 2021;55(4): 460-476.

21.	 Repetto G, del Peso A, Zurita JL. Neutral red uptake assay for the 
estimation of cell viability/ cytotoxicity. Nat Protoc. 2008;3(7): 1125-
1131.

22.	Mosmann T. rapid colorimetric assay for cellular growth and survival: 
Application to proliferation and cytotoxicity Assays. J Immunol 
Methods. 1983;65(1-2): 55-63.

23.	Martins WK, Severino D, Souza C, Stolf BS, Baptista MS. Rapid 
screening of potential autophagic inductor agents using mammalian 
cell lines. Biotechnol J. 2013;8(6): 730-737.

24.	Green LC, Wagner DA, Glogowski J, Skipper PL, Wishnok JS, 
Tannenbaum SR. Analysis of nitrate, nitrite, and [15N]nitrate in 
biological fluids. Anal Biochem. 1982;126(1): 131-138.

25.	Saltzman BE. Colorimetric microdetermination of nitrogen dioxide in 
the atmosphere. Anal Chem. 1954;26(12): 1949-1955.

26.	Franken NAP, Rodermond HM, Stap J, Haveman J, van Bree C. 
Clonogenic assay of cells in vitro. Nat Protoc. 2006;1(5): 2315-2319.

27.	 Schindelin J, Arganda-Carreras I, Frise E, Kaynig V, Longair M, 
Pietzsch T, et al. Fiji: An open-source platform for biological-image 
analysis. Nat Methods. 2012;9(7): 676-682.

Therefore, the proposed approach, that is the localized synthesis of 
these proteins by attenuated recombinant Salmonella, which has a 
proven preference for the tumor microenvironment and acts as a 
live vector, is promising and deserves attention and investment in 
new models.

ACKNOWLEDGMENT

The authors thank Dr. Heloisa Sobreiro Selistre de Araújo 
(Department of Physiological Sciences, Federal University of São 
Carlos, São Carlos, SP, Brazil) and Dr. Márcia Regina Cominetti 
(Department of Gerontology, Federal University of São Carlos, São 
Carlos, SP, Brazil) for providing the necessary equipment to carry 
out some analyses.

AUTHOR'S CONTRIBUTIONS

Conceptualization: Bruna, Luciana, Fernanda, André and Maria 
Teresa; Data curation: Bruna li and Joice; Formal analysis: Bruna, 
Joice and Krissia; Funding acquisition: Adilson and Fernanda; 
Investigation: Bruna; Methodology: Bruna, Joice and Krissia; 
Project administration: Bruna, Adilson and Fernanda; Resources: 
Ricardo, Adilson and Fernanda; Software: Bruna, Krissia and 
Joice; Supervision: Bruna; Validation: Bruna; Visualization: Bruna; 
Roles/Writing-original draft: Bruna; Writing-review & editing: 
Camila, Cynthia, Patricia, André, Maria Teresa.

FUNDING SOURCES

This study was financed in part by the Coordenação de 
Aperfeiçoamento de Pessoal de Nível Superior - Brazil (CAPES) - 
Finance Code 001.

CONFLICT OF INTEREST STATEMENT

None to report. The authors declare that they have no known 
competing financial interests or personal relationships that could 
have appeared to influence the work reported in this paper.

REFERENCES

1.	 Lalsiamthara J, Senevirathne A, So MY, Lee JH. Safety implication of 
Salmonella based brucella vaccine candidate in mice and in vitro human 
cell culture. Vaccine. 2018;36(14): 1837-1845.

2.	 Barnett SJ, Soto LJ, Sorenson BS, Nelson BW, Leonard AS, Saltzman 
DA. Attenuated Salmonella typhimurium invades and decreases tumor 
burden in neuroblastoma. J Pediatr Surg. 2005;40(6): 993-998.

3.	 Rosenberg SA. IL-2: The first effective immunotherapy for human 
cancer. J Immunol. 2014;192(12): 5451-5458.

4.	 Mosmann TR, Coffman RL. Two types of mouse helper T-cell clone. 
Implications for immune regulation. Trends Immunol. 1987;8(7-8): 223-227.

5.	 Wiley SR, Schooley K, Smolak PJ, Din WS, Huang CP, Nicholl JK, et 
al. Identification and characterization of a new member of the TNF 
family that induces apoptosis. Immunity. 1995;3(6): 673-682.

6.	 Mongkolsapaya J, Grimes JM, Chen N, Xu XN, Stuart DI, Jones 
EY, et al. Structure of the TRAIL-DR5 complex reveals mechanisms 
conferring specificity in apoptotic initiation. Nat Struct Biol. 
1999;6(11): 1048-1053.

7.	 Zheng SJ, Wang P, Tsabary G, Chen YH. Critical roles of TRAIL 
in hepatic cell death and hepatic inflammation. J Clin Invest. 
2004;113(1): 58-64.

https://www.liebertpub.com/doi/abs/10.1089/cbr.1996.11.145
https://www.liebertpub.com/doi/abs/10.1089/cbr.1996.11.145
https://link.springer.com/protocol/10.1007/978-1-59745-561-9_33
https://link.springer.com/protocol/10.1007/978-1-59745-561-9_33
https://synapse.koreamed.org/articles/1074965
https://synapse.koreamed.org/articles/1074965
https://www.proquest.com/openview/09fb106c24157c028c895edfa8049551/1?pq-origsite=gscholar&cbl=41361
https://www.proquest.com/openview/09fb106c24157c028c895edfa8049551/1?pq-origsite=gscholar&cbl=41361
https://www.sciencedirect.com/science/article/abs/pii/S147020450301194X
https://www.sciencedirect.com/science/article/abs/pii/S147020450301194X
https://ruj.uj.edu.pl/xmlui/bitstream/handle/item/165395/chorobik_marcinkiewicz_therapeutic_vaccines_based_on_genetically_2011.pdf?sequence=1&isAllowed=y
https://ruj.uj.edu.pl/xmlui/bitstream/handle/item/165395/chorobik_marcinkiewicz_therapeutic_vaccines_based_on_genetically_2011.pdf?sequence=1&isAllowed=y
https://acsjournals.onlinelibrary.wiley.com/doi/full/10.3322/caac.21492
https://acsjournals.onlinelibrary.wiley.com/doi/full/10.3322/caac.21492
https://www.nature.com/articles/s41568-020-00313-1
https://www.nature.com/articles/s41568-020-00313-1
https://www.sciencedirect.com/science/article/abs/pii/S0302283812008780
https://link.springer.com/article/10.1007/s00345-009-0395-z
https://link.springer.com/article/10.1007/s00345-009-0395-z
https://www.scielo.br/j/bjmbr/a/ptxZk69XcR9Nj97vXQYPbzP/abstract/?lang=en
https://www.scielo.br/j/bjmbr/a/ptxZk69XcR9Nj97vXQYPbzP/abstract/?lang=en
https://www.scielo.br/j/bjmbr/a/ptxZk69XcR9Nj97vXQYPbzP/abstract/?lang=en
https://academic.oup.com/nar/article-abstract/19/11/2889/2387708
https://academic.oup.com/nar/article-abstract/19/11/2889/2387708
https://articles.cellphysiolbiochem.com/Articles/000398/PDF/000398.pdf
https://articles.cellphysiolbiochem.com/Articles/000398/PDF/000398.pdf
https://articles.cellphysiolbiochem.com/Articles/000398/PDF/000398.pdf
https://www.nature.com/articles/nprot.2008.75
https://www.nature.com/articles/nprot.2008.75
https://www.sciencedirect.com/science/article/abs/pii/0022175983903034
https://www.sciencedirect.com/science/article/abs/pii/0022175983903034
https://onlinelibrary.wiley.com/doi/abs/10.1002/biot.201200306
https://onlinelibrary.wiley.com/doi/abs/10.1002/biot.201200306
https://onlinelibrary.wiley.com/doi/abs/10.1002/biot.201200306
https://www.sciencedirect.com/science/article/abs/pii/000326978290118X
https://www.sciencedirect.com/science/article/abs/pii/000326978290118X
https://pubs.acs.org/doi/pdf/10.1021/ac60096a025
https://pubs.acs.org/doi/pdf/10.1021/ac60096a025
https://www.nature.com/articles/nprot.2006.339
https://www.nature.com/articles/nmeth.2019
https://www.nature.com/articles/nmeth.2019
https://www.sciencedirect.com/science/article/pii/S0264410X18302561
https://www.sciencedirect.com/science/article/pii/S0264410X18302561
https://www.sciencedirect.com/science/article/pii/S0264410X18302561
https://www.sciencedirect.com/science/article/abs/pii/S0022346805002101
https://www.sciencedirect.com/science/article/abs/pii/S0022346805002101
https://journals.aai.org/jimmunol/article/192/12/5451/92690
https://journals.aai.org/jimmunol/article/192/12/5451/92690
https://www.sciencedirect.com/science/article/abs/pii/016756998790171X
https://www.sciencedirect.com/science/article/abs/pii/016756998790171X
https://www.sciencedirect.com/science/article/pii/1074761395900578
https://www.sciencedirect.com/science/article/pii/1074761395900578
https://www.nature.com/articles/nsb1199_1048
https://www.nature.com/articles/nsb1199_1048
https://www.jci.org/articles/view/19255
https://www.jci.org/articles/view/19255


15

Fragelli BDL, et al. OPEN ACCESS Freely available online

Chemo Open Access, Vol.11 Iss.1 No:1000171

46.	Ding X, Sun W, Chen J. IL-2 augments the sorafenib-induced apoptosis 
in liver cancer by promoting mitochondrial fission and activating the 
JNK/TAZ pathway 11 Medical and Health Sciences 1112 Oncology 
and Carcinogenesis. Cancer Cell Int. 2018;18(1): 1-16.

47.	 Liu M, Wang H, Liu L, Wang B, Sun G. Melittin-MIL-2 fusion protein 
as a candidate for cancer immunotherapy. J Transl Med. 2016;14(1): 
4-15.

48.	Koschny R, Ganten TM, Sykora J, Haas TL, Sprick MR, Kolb A, et al. 
TRAIL/bortezomib cotreatment is potentially hepatotoxic but induces 
cancer-specific apoptosis within a therapeutic window. Hepatology. 
2007;45(3): 649-658.

49.	Mehdi SH, Zafaryab M, Nafees S, Khan A, Ahmad I, Hafeez ZB, et al. 
Chrysin sensitizes human lung cancer cells to Tumour necrosis factor 
Related Apoptosis-Inducing Ligand (TRAIL) mediated apoptosis. 
Asian Pacific J Cancer Biol. 2019;4(2): 27-33.

50.	Yang Z, Klionsky DJ. Eaten alive: A history of macroautophagy. Nat 
Cell Biol. 2010;12(9): 814-822.

51.	 Sharma A, Almasan A. Autophagy as a mechanism of Apo2L/TRAIL 
resistance. Cancer Biol Ther. 2018;19(9): 755-762.

52.	Liang X, de Vera ME, Buchser WJ, Chavez ARDV, Loughran P, 
Stolz DB, et al. Inhibiting systemic autophagy during interleukin 2 
immunotherapy promotes long-term tumor regression. Cancer Res. 
2012;72(11): 2791-2801.

53.	van Der Poll T, Keogh CV, Guirao X, Buurman WA, Kopf M, Lowry 
SF. Interleukin-6 gene-deficient mice show impaired defense against 
pneumococcal pneumonia. J Infect Dis. 1997;176(2): 439-444.

54.	Kozłowski LI, Zakrzewska P, Tokajuk MZ, Wojtukiewicz. Concentration 
of interleukin-6 (IL-6), interleukin-8 (IL-8) and interleukin-10 (IL-10) in 
blood serum of breast cancer patients. Rocz Akad Med w Bialymstoku. 
2003;4: 82-84.

55.	Bickel M. The role of interleukin-8 in inflammation and mechanisms 
of regulation. J Periodontol. 1993;64: 456-460.

56.	Zhang W, Chen H. The study on the interleukin-8 (IL-8). Int Arch 
Med. 2010;31(1): 1-4.

57.	 Shahzad A, Knapp M, Lang I, Köhler G. Interleukin 8 (IL-8) - a 
universal biomarker? Int Arch Med. 2010;3(1): 1-4.

58.	Waugh DJJ, Wilson C. The interleukin-8 pathway in cancer. Clin 
Cancer Res. 2008;14(21): 6735-6741.

59.	Wajant H, Pfizenmaier K, Scheurich P. Tumor necrosis factor signaling. 
Cell Death Differ. 2003;10(1): 45-65.

60.	Wajant H. The Role of TNF in Cancer. Death Recept Cogn Ligands 
Cancer. 2009;9(1): 1-15.

61.	 Peng M, Huang Y, Tao T, Peng CY, Su Q, Xu W, et al. Metformin and 
gefitinib cooperate to inhibit bladder cancer growth via both AMPK 
and EGFR pathways joining at Akt and Erk. Sci Rep. 2016;6(1): 1-10.

28.	Ruby T, Mclaughlin L, Gopinath S, Monack D. Salmonella’s long-term 
relationship with its host. FEMS Microbiol Rev. 2012;36(3): 600-615.

29.	Felgner S, Frahm M, Kocijancic D, Rohde M, Eckweiler D, Bielecka 
A, et al. Aroa-deficient Salmonella enterica serovar Typhimurium is more 
than a metabolically attenuated mutant. MBio. 2016;7(5): 1-12.

30.	Kim TH, Jo YG, Jiang HH, Lim SM, Youn YS, Lee S, et al. PEG-
transferrin conjugated TRAIL (TNF-related apoptosis-inducing ligand) 
for therapeutic tumor targeting. J Control Release. 2012;162(2): 422-
428.

31.	 Zhao S, Maxwell S, Jimenez-Beristain A, Vives J, Kuehner E, Zhao J, et 
al. Generation of embryonic stem cells and transgenic mice expressing 
green fluorescence protein in midbrain dopaminergic neurons. Eur J 
Neurosci. 2004;19(5): 1133-1140.

32.	Murakami S. Soluble interleukin-2 receptor in cancer. 2004;15(8): 
3085-3090.

33.	Pollock JS, Förstermann U, Tracey WR, Nakane M. Nitric oxide 
synthase isozymes antibodies. Histochem J. 1995;27(10): 738-744.

34.	Flora Filho R, Zilberstein B. Óxido nítrico: o simples mensageiro 
percorrendo a complexidade. Metabolismo, síntese e funções. Rev 
Assoc Med Bras. 2000;46(3): 265-271.

35.	May P, May E. Corrigendum: Twenty years of p53 research: Structural 
and functional aspects of the p53 protein (Oncogene (1999) 18 (7621-
7636)). Oncogene. 2000;19(13): 1733-1734.

36.	Choudhari SK, Chaudhary M, Bagde S, Gadbail AR, Joshi V. Nitric 
oxide and cancer: A review. World J Surg Oncol. 2013;11(118): 1-11.

37.	 MacFarlane M. TRAIL-induced signalling and apoptosis. Toxicol Lett. 
2003;139(2-3): 89-97.

38.	Johnstone RW, Frew AJ, Smyth MJ. The TRAIL apoptotic pathway in 
cancer onset, progression and therapy. Nat Rev Cancer. 2008;8(10): 
782-798.

39.	Chao DT, Korsmeyer SJ. BCL-2 FAMILY : Regulators of cell death. 
1998;1: 395-419.

40.	Huang HC, Sung YC, Li CP, Wan D, Chao PH, Tseng YT, et al. 
Reversal of pancreatic desmoplasia by a tumour stroma-targeted nitric 
oxide nanogel overcomes TRAIL resistance in pancreatic tumours. 
Gut. 2021;21(1): 325179-325180.

41.	 Holzer P. Involvement of nitric oxide in the substance P-induced 
inhibition of intestinal peristalsis. Neuroreport. 1997;8(13): 2857-
2860.

42.	Brentnall M, Rodriguez-Menocal L, de Guevara RL, Cepero E, Boise 
LH. Caspase-9, caspase-3 and caspase-7 have distinct roles during 
intrinsic apoptosis. BMC Cell Biol. 2013;14(32): 1471-2121.

43.	Danial NN, Korsmeyer SJ. Cell death: Critical control points. Cell. 
2004;116(2): 205-219.

44.	Szliszka E, Krol W. Soy isoflavones augment the effect of TRAIL-
mediated apoptotic death in prostate cancer cells. Oncol Rep. 
2011;26(3): 533-541.

45.	Voigt S, Philipp S, Davarnia P, Winoto-Morbach S, Röder C, Arenz 
C, et al. TRAIL-induced programmed necrosis as a novel approach to 
eliminate tumor cells. BMC Cancer. 2014;14(1): 58-62.

https://cancerci.biomedcentral.com/counter/pdf/10.1186/s12935-019-1083-8.pdf
https://cancerci.biomedcentral.com/counter/pdf/10.1186/s12935-019-1083-8.pdf
https://cancerci.biomedcentral.com/counter/pdf/10.1186/s12935-019-1083-8.pdf
https://cancerci.biomedcentral.com/counter/pdf/10.1186/s12935-019-1083-8.pdf
https://translational-medicine.biomedcentral.com/articles/10.1186/s12967-016-0910-0
https://translational-medicine.biomedcentral.com/articles/10.1186/s12967-016-0910-0
https://aasldpubs.onlinelibrary.wiley.com/doi/full/10.1002/hep.21555
https://aasldpubs.onlinelibrary.wiley.com/doi/full/10.1002/hep.21555
http://www.waocp.com/journal/index.php/apjcb/article/view/297
http://www.waocp.com/journal/index.php/apjcb/article/view/297
https://www.nature.com/articles/ncb0910-814
https://www.tandfonline.com/doi/full/10.1080/15384047.2018.1472191
https://www.tandfonline.com/doi/full/10.1080/15384047.2018.1472191
https://aacrjournals.org/cancerres/article/72/11/2791/575553/Inhibiting-Systemic-Autophagy-during-Interleukin-2
https://aacrjournals.org/cancerres/article/72/11/2791/575553/Inhibiting-Systemic-Autophagy-during-Interleukin-2
https://academic.oup.com/jid/article/176/2/439/788038
https://academic.oup.com/jid/article/176/2/439/788038
https://europepmc.org/article/med/14737948?utm_medium=email&utm_source=transaction&client=bot&client=bot
https://europepmc.org/article/med/14737948?utm_medium=email&utm_source=transaction&client=bot&client=bot
https://europepmc.org/article/med/14737948?utm_medium=email&utm_source=transaction&client=bot&client=bot
https://europepmc.org/article/med/8315568
https://europepmc.org/article/med/8315568
https://europepmc.org/article/med/12561382
https://intarchmed.biomedcentral.com/articles/10.1186/1755-7682-3-11
https://intarchmed.biomedcentral.com/articles/10.1186/1755-7682-3-11
https://aacrjournals.org/clincancerres/article/14/21/6735/73166/The-Interleukin-8-Pathway-in-Cancer
https://www.nature.com/articles/4401189
https://link.springer.com/chapter/10.1007/400_2008_26
https://www.nature.com/articles/srep28611
https://www.nature.com/articles/srep28611
https://www.nature.com/articles/srep28611
https://academic.oup.com/femsre/article/36/3/600/635108?login=false
https://academic.oup.com/femsre/article/36/3/600/635108?login=false
https://journals.asm.org/doi/full/10.1128/mBio.01220-16
https://journals.asm.org/doi/full/10.1128/mBio.01220-16
https://www.sciencedirect.com/science/article/abs/pii/S0168365912005780
https://www.sciencedirect.com/science/article/abs/pii/S0168365912005780
https://www.sciencedirect.com/science/article/abs/pii/S0168365912005780
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1460-9568.2004.03206.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1460-9568.2004.03206.x
https://www.imrpress.com/journal/fbl/9/5/10.2741/1461
https://link.springer.com/article/10.1007/BF00171754
https://link.springer.com/article/10.1007/BF00171754
https://www.scielo.br/j/ramb/a/SGXJ45PpVrfVjNqhr9gdJzm/?lang=pt
https://www.scielo.br/j/ramb/a/SGXJ45PpVrfVjNqhr9gdJzm/?lang=pt
https://www.nature.com/articles/1203285
https://www.nature.com/articles/1203285
https://www.nature.com/articles/1203285
https://link.springer.com/article/10.1186/1477-7819-11-118
https://link.springer.com/article/10.1186/1477-7819-11-118
https://www.sciencedirect.com/science/article/abs/pii/S0378427402004228
https://www.nature.com/articles/nrc2465
https://www.nature.com/articles/nrc2465
https://www.annualreviews.org/doi/abs/10.1146/annurev.immunol.16.1.395
https://gut.bmj.com/content/71/9/1843.abstract
https://gut.bmj.com/content/71/9/1843.abstract
https://journals.lww.com/neuroreport/Abstract/1997/09080/Involvement_of_nitric_oxide_in_the_substance.11.aspx
https://journals.lww.com/neuroreport/Abstract/1997/09080/Involvement_of_nitric_oxide_in_the_substance.11.aspx
https://link.springer.com/article/10.1186/1471-2121-14-32
https://link.springer.com/article/10.1186/1471-2121-14-32
https://www.sciencedirect.com/science/article/pii/S0092867404000467
https://www.spandidos-publications.com/or/26/3/533
https://www.spandidos-publications.com/or/26/3/533
https://bmccancer.biomedcentral.com/articles/10.1186/1471-2407-14-74
https://bmccancer.biomedcentral.com/articles/10.1186/1471-2407-14-74

